Summary
Glomerulonephritis associated with antibody to glomerular basement membrane, shown by linear staining of the glomerular basement membrane with fluoresceinated antiIgG antisera, was found in only 10 out of 400 (2-5%) renal biopsy specimens studied by immunofluorescence. Seven of these cases had rapidly progressive glomerulonephritis, five with lung haemorrhage (Goodpasture's syndrome) and two without, and three had less severe nephritis without lung haemorrhage. Circulating antibody to glomerular basement membrane, measured by a passive haemagglutination technique and by indirect immunofluorescence, was detected in the serum of ali patients with rapidly progressive glomerulonephritis by both techniques but only by the passive haemagglutination method in two of the other three patients. Two patients died of their lung haemorrhage, one despite bilateral nephrectomy, and lung haemorrhage and circulating antibody to glomerular basement membrane persisted after bilateral nephrectomy in another patient.
Introduction
In most cases of human glomerulonephriti.s immunofluorescent staining shows immunoglobulin in the glomeruli, usually as fine granular deposits or irregular aggregates, an appearance taken to indicate immune-complex deposition. A much less common immunofluorescent appearance is that of linear staining of the glomerular basement membrane (G.B.M.) with antisera to IgG, this finding being characteristic of anti-G.B.M. antibody deposition. We describe here our experience of patients with glomerulonephritis associated with linear deposition of IgG along the G.B.M. in whom it seemed anti-G.B.M. antibody might play a pathogenetic role. To provide additional evidence for such a role we also examined the sera of these patients for anti-G.B.M. antibody.
Methods
Renal tissue was obtained by percutaneous needle biopsy in most patients and in some patients at nephrectomy or at necropsy. Specimens were processed for light microscopy examination by conventional techniques. Tissue for immunofluorescent studies was processed as described previously (Evans et al.. 1973 Elution of antibody from whole kidney was attempted in two cases by a similar method to that of Wilson and Dixon (1973) . Elution of antibody from cryostat sections was performed by the method of Feltkamp and Boode (1970 .
CLINICAL FEATURES
Five patients (cases 1-5) presented with rapidly progressive glomerulonephritis and all had evidence of intra-alveolar haemorrhage, thus falling into the category of "Goodpasture's syndrome." All had haemoptyses, which preceded admission by one and five years in two cases but by only a few weeks in most cases. In cases 1 and 4 the pulmonary haemorrhage became massive and caused the patients' 'deaths. All patients were anaemic on admission and had severely impaired renal function (except for case 5, whose creatinine was normal on admission but thereafter rose rapidly). The two patients in cases 6 and 7 also presented with rapidly progressive glomerulonephitis but showed no evidence of pulmonary haemorrhage. One patient (case 6) had recurrent winter bronchitis but the other (case 7) had no lung syndrome. Of the ,three remaining patients one (case 8) presented with longstanding cough and hypochromic anaemia and was found to have renal impairment. His chest x-ray picture showed bilateral basal shadowing but he never had haemoptysis. One patient (case 9) presented with a two-year history of hypertension and recent-onset nephrotic syndrome and one (case 10) developed swollen joints, proteinuria, and a rash clinically indistinguishable from Henoch-Schonlein purpura.
Renal and Lung Histology Renal biopsy specimens from cases 2, 3, 6, and 7 showed a severe proliferative glomerulonephritis with cellular crescents containing polymor'phs and fibrin in 80%-100% of glomeruli. The glomerular tufts were collapsed and capillary loops bloodless with focal necrosis in some glomeruli 'but little endothelial or mesangial proliferation. All showed extensive tubular atrophy and a heavy interstitial inflammatory infiltrate. In case 7 there was fibrinoid necrosis in the afferent arteriole. The initial biopsy specimen from case 5 showed a focal and segmental proliferative glomerulonephritis with adhesions and epithelial crescents in some glomeruli. Kidneys obtained at nephrectomy in cases 2, 3, and 5 and necropsy in cases 1, 4, and 7 showed much more extensive collagenization in the glomerular tufts and crescents, often with sclerosis of whole glomeruli.
The biopsy specimens from cases 8 and 10 showed a severe focal proliferative glomerulonephritis with some adhesions but only occasional crescents. In case 9 the biopsy showed mesangiocapillary glomerulonephritis with many focally scattered polymorphs in the glomeruli and occasional crescents.
Details of immunofluorescence findings are given in table II. All showed linear IgG deposition though this was less marked in cases 8, 9, and 10. C3 was nearly always present though usually not in a linear distribution. IgM and IgA were usually undetectable and fibrin deposits were present in crescents. The initial biopsy on case 5 showed no immunoglobulin or complement (studies were done in two different laboratories) whereas his nephrectomy specimen showed linear IgG and contained C3. The lungs were studied at necropsy in cases 1, 2, 4, and 7. In case 1 there was bronchiectasis and much recent haemorrhage but no haemosiderin-laden macrophages, in case 2 there was oedema but no recent haemorrhage though haemosiderin-laden macrophages were present, and in case 4 the alveoli were filled with blood and haemosiderin-laden macrophages. The lungs in case 7 were normal with no haemosiderin-containing macrophages. MANAGEMENT AND OUTCOME (TABLE III) The five patients with Goodpasture's syndrome were all treated with prednisone (60-80 mg daily) and (except for the patient in case 1) with cyclophosphamide 2-3 mg/kg/ day. The patient in case 3 was also treated with the defibrinating agent ancrod. One patient (case 2) while still having haemoptyses and some residual renal function was also subjected -to plasmapheresis on five occasions, using an I.B.M. cell centrifuge, in an attempt to remove sufficient antibody to arrest progress of the disease. Despite treatment these patients developed irreversible renal failure. One (case 1) died of fulminating pulmonary haemorrhage and two (cases 2 and 3) were placed on maintenance dialysis and both had bilateral nephrectomy before possible transplantation but at a time when both had stopped having haemoptyses. In contrast, the two patients in cases 4 and 5 had bilateral nephrectomy in an attempt to arrest continuing pulmonary haemorrhage. One (case 4) was already extremely ill and died shortly after operation, but the other (case 5) was maintained on haemodialysis and continued to have haemoptyses for several months after nephrectomy.
The patients in cases 6 and 7 were also treated with prednisone and cyclophosphamide, and one (case 6) was also given ancrod for only 36 hours before haemorrhage occurred from the biopsy site. No recovery of renal function occurred in either patient and one (case 6) was on maintenance dialysis at the time of writing. The other (case 7) died with evidence of extensive cerebral infarction, probalbly due to emboli as thrombosis and arteritis were not found at necropsy.
O-f the remaining three patients, those in cases 8 and 9 received no specific treatment and their renal function did not change significantly during follow up over 18 months. The patient in case 10 had deteriorating renal function and was treated with prednisone and cyclophosphamide. His renal function improved-creatinine clearance rose to normal from 31 ml/min-and he was well at the time of writing.
Results of Anti-G.B.M. Antibody Estimations
The results of the anti-G.B.M. antibody estimations performed by the two techniques on the same samples of sera are shown in table IV. The five patients with Goodpasture's syndrome all had evidence of circulating anti-G.B.M. antibody on indirect immunfluorescence and in three cases the sera gave linear staining at titres of 1/16. Significant titres of anti-G.B.M. antibody were also detected by passive haemagglutination in the four patients whose sera were tested. One patient (case 5) had high titres of anti-G.BM. antibody on presentation (by passive haemagglutinaation) and before his nephrectomy (by both techniques) which persisted after the operation, the serum giving negative results iby both techniques only some six months later.
Attempts were also made to elute antibody from the whole kidney in cases 1 and 2. The eluate in case 1 consisted of IgG with some IgA and gave linear staining on indirect immunofluorescence. It was also labelled with 1311 and a high degree of binding of radioactivity to kidney and lung homogenates was shown . Anti-G.B.M. antibody was present by indirect immunofluorescence in the eluate from case 2 and in the eluate from cryostat sections of the nephrectomy specimen in case 5.
Both patients with rapidly progressive glomerulonephritis without pulmonary haemorrhage had significant circulating anti-G.B.M. antibody on indirect immunofluorescence though only case 6 had a significant titre by passive haemagglutination.
Of the three patients with less marked linear staining in their renal biopsy specimens two (cases 8 and 10) had significant titres of anti-G.B.M. antibody by passive haemagglutination 'but completely negative results with indirect immunofluorescence and one (case 9) had an insignificant titre of antibody on passive haemagglutination.
Discussion
Apparently non-specific linear staining of the G.BM., with no evidence of anti-G.B.M. antibody in serum or eluates, has been reported in kidneys from diabetics (Gallo, 1970; Westberg and Michael, 1972; Wilson and Dixon, 1973) and in kidneys from patients dying without evidence of renal disease (Koffler et al., 1969; Wilson and Dixon, 1973) . We have also found that apparently normal kidneys obtained at necrospy sometimes show linear staining after washing with phosphate buffered saline alone, possibly due to IgG normally present in the G.B.M. (Westberg and Michael, 1970) being exposed by the washing.
Hence it is important to have some method of measuring anti-G.B.M. antibody. Indirect immunofluorescence has been most used but may be of limited sensitivity and requires care in the selection of target tissue to avoid confusing autofluorescence (McPhaul and Dixon, 1969 cord. A reasonable measure of agreement was found between the two tests (table IV) . Conflicting results on the same serum samples may refl-ect a difference in sensitivity or the possibility that the methods are measuring antibodies to different antigenic components of ,the G.B.M. Furthermore, negative results may simply reflect high avidity of antibody to renal tissue, and in these circumstances circulating anti-G.B.M. antibody might only be found after nephrectomy.
Five patients (the Goodpasture's syndrome group) showed the clinical features previously noted in other cases-anaemia on presentation, absence of hypertension, severe nephritis, and potentially severe lung haemorrhage, which caused the deaths of two patients. No patient had preceding influenza (Wilson and Smith, 1972) or a history of excessive exposure to hydrocarbon solvents (Beirne and Brennan, 1972) , which are reported associations with Goodpasture's syndrome and suggested causes of initiating lung damage.
The usual explanation for the pathogenesis of Goodpasture's syndrome is that for some reason anti-basement membrane antibodies are formed which cross-react with antigens common to lung and kidney, causing alveolar and glomerular damage. Three patients with less marked linear staining and less severe nephritis had no detectable circulating anti-G.B.M. antibody by indirect immunofluorescence, but in two cases a significant titre was detected by passive haemagglutination. We therefore cannot be certain that the nephritis was mediated by anti-G.B.M. antibody in these cases, and possibly antibody was produced secondary to glomerular damage (Macanovic et al., 1972; Mahieu et al., 1972) .
Management of patients with circulating anti-G.B.M. antibody presents the problems of controlling the nephritis and pulmonary haemorrhage. Progression of nephritis despite socalled immunosuppressive treatment is the usual experience though there are reports of remission or non-progression of nephritis related to treatment with steroids and cytotoxic drugs (Seaton et al., 1971) . Now that renal failure does not lead inevitably to death but to chronic dialysis massive pulmonary haemorrhage is the most serious threat to these patients. Bilateral nephrectomy has been advocated for its control, the suggestion being rhat by removing the source of G.B.M. antigens the stimulus to continuing anti-G.B.M. antilbody formation will be reduced. Despite several reports of the apparent efficacy of nephrectomy (Maddock et al., 1967; Halgrimson et al., 1971) , there are cases (such as 4 and 5) where haemoptysis continues after nephrectomy and circulating anti-G.B.M. antibody persists (Wilson and Dixon 1973 Only one of our patients was transplanted. The transplant was rejected after a few weeks but showed no evidence of recurrence of the original disease. Successful renal transplants have been reported in other patients, but nephritis has also recurred, particularly if circulating anti-G.B.M. antibody was detectable at the time of transplantation. Thus transplantation seems best postponed until tests for antibody are negative.
Though there are numerous case-reports of Goodpasture's syndrome (reviewed by Benoit et al., 1964, and Proskey et al., 1970) in most cases there are no studies on anti-G.B.M. antibodies. Wilson and Dixon (1973) (Wilson and Dixon, 1973; Martinez and Kohler, 1971) and others simply to the clinical syndrome of nephritis and pulmonary haemorrhage even if there is evidence for immune-complex deposition in the kidney (Beirne et al., 1973 
